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[57] ABSTRACT

A method of extruding a cross-linked material, more
particularly an insulating cross-linked material around
an electrical cable. In an extrusion machine comprising
a housing terminated with an extrusion head and pro-
vided with a filtering means adjacent the outlet end of
said housing, the cross-linkable product is fed without
addition of a cross-linking agent, said cross-linking
agent being first introduced in said cross-linkable mate-
rial downstream said filtering means. The cross-linkable
material is kept in the housing at an elevated tempera-
ture to be in a fluid state, the cross-linking agent being
introduced at a temperature slightly lower than its reac-
tion temperature, whereby the extrudate may be at a
temperature near the maximum temperature admissible
for the extrusion of said material.

9 Claims, 6 Drawing Figures
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APPARATUS FOR EXTRUDING A CROSS-LINKED
MATERIAL

This is a division, of application Ser. No. 8,574 filed
Feb. 1, 1979.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a method and an apparatus
for extruding a cross-linked material and more particu-
larly to a method and an apparatus for extruding a
cross-linked insulating material around an electric ca-
ble.

2. Description of the Prior Art

It is known in the art to make use as insulation for
electrical cables of materials which are chemically
cross-linked with peroxides, said cross-linkable materi-
als being for instance polyethylen or its derivatives.

FIG. 1 schematically shows an extrusion machine for
depositing a cross-linkable material on an electric cable.

In the known processes, the housing of the extrusion
machine 1 comprises a feed screw rotatingly driven by
a motor 2 for feeding a desired mixture 3 from a hopper
4 toward the downstream end 5 of the housing and
toward the extruding head 6. A cable 7 is first coated
with the cross-linkable material 8 before being for-
warded toward the cross-linking oven 9.

It will be appreciated that, according to an important
feature of the known apparatuses, in the feeding hopper
4 of the extrusion machine are simultaneously intro-
duced all the materials provided for obtaining the cross-
linked insulating material, i.e. the cross-linkable mate-
rial, for instance polyethylen or its derivates, and the
cross-linking agent, typically an organic peroxide. Ac-
cordingly, the temperature inside the housing of the
extrusion machine has to be kept at relatively low val-
ues so as to prevent untimely cross-linking in the hous-
ing of the extrusion head, otherwise grains or heteroge-
neous particles would be present in the extruded materi-
als. An additional requirement is that the time the mate-
rials while being forwarded remain in the housing and
in the extrusion head be relatively short. It results there-
fore that the downstream filter or screen 10 of the extru-
sion machine cannot be as fine as required, and must be
eventually suppressed. Thus, a very fine filter promotes
the formation of dead zones in the housing of the extru-
sion machine within which a pre-cross-linking may
occur.

Accordingly, a permanent drawback of the known
processes resides in the fact that the cross-linkable mate-
rial cannot be efficiently filtered after the outlet of the
extrusion machine. Such a filtering is however an im-
portant requirement. As a matter of fact, the cross-link-
able material is set in the hopper 4 in the form of a
powder or granulates, said powder or granulates being
generally obtained by cutting the cross-linkable mate-
rial available in the form of rods or bars. Even if the
cross-linkable material has been purified before being
cut or ‘minced, it results from the cutting or mincing
steps that small metallic particles are mixed into the
cross-linkable material. The ulterior presence of such
small metallic particles, of a size for instance between 50
to 100 pm may be irremediably prejudiciable to the
good insulation of an electric cable. For instance, it can
be said that the presence of a single metallic particle of
a size of about 100 pm in an amount of 1.5 tons of po-
lyethylen necessary for insulating a cable of about 800

5

15

20

25

35

40

45

65

2

m in length is sufficient to be prejudiciable to a conve-
nient operation of the cable. It results therefrom that, in
the known processes, the thickness of the insulating
liner has to be heavily dimensioned.

Another noticeable drawback of the known processes
results in the fact that, as above mentioned, the tempera-
ture inside the housing of the extrusion machine has to
be kept lower than the cross-linking temperature. Said
temperature may be for instance about 130° C. On the
other hand, to carry-on efficiently cross-linking, the
temperature must be raised at a value of about 160° C. It
is thus necessary, in the known apparatus, to achieve
said raising in temperature downstream the extrusion
dye, whereby it is necessary to increase the length of the
cross-linking oven 9. It results therefrom an increased
bulking of the fabrication plants.

SUMMARY OF THE INVENTION
Objects of the Invention

Accordingly, it is an object of this invention to pro-
vide a novel method and a novel apparatus for extrud-
ing a cross-linked insulating material which obviate the
above mentioned drawbacks.

Thus, another object of the invention is to provide a
novel method of extruding a cross-linked insulating
material wherein the insulating material is substantially
at a temperature slightly lower than the cross-linking
temperature when leaving the extrusion dye.

A further object of the invention is to provide a novel
method of extruding a cross-linked material wherein the
cross-linkable material may be efficiently filtered within
the housing of the extrusion machine.

In order to meet these objects and others, there is
provided a method of extruding continuously in a
closed environment a cross-linked insulation material,
which comprises the steps of:
forwarding a cross-linkable material through an extru-

sion machine which is heated at a temperature near

the maximum temperature admissible for the cross-
linkable material so as to bring said material to the
most fluid state, said extrusion machine being pro-
vided adjacent its downstream end with a filtering
means;

introducing between said filtering means and the extru-
sion dye of the extrusion machine a cross-linking
agent at a temperature slightly lower than the reac-
tion temperature for said agent; and

mixing conveniently the cross-linkable material and the
cross-linking agent before they pass through the ex-
trusion dye, the extrudate being at a temperature near
the maximum temperature admissible for extruding
said material.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the inven-
tion should become apparent from the following de-
scription, taking in conjunction with the appending
drawings in which: :

FIG. 1is a view of a prior art extrusion machine;

FIG. 2 illustrates, as a block diagram, the method of

the invention;

FIG. 3 schematically shows a manufacturing line for
manufacturing insulated cables;

FIG. 4 schematically shows an embodiment of an
injector according to the invention; and
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FIGS. 5 and 6 schematically show a production line
for insulating an electric cable including other embodi-
ments of the present invention.

DETAILED DESCRIPTION OF THE
DRAWINGS

FIG. 1, which illustrates an extruding device of the
prior art and its drawbacks has been discussed herein-
above.

FIG. 2 shows, in block diagram, the method of the
invention. A cross-linkable material 11 is introduced
from an inlet hopper 12 into the housing of an extrusion
machine 13 (which is analogue to the extrusion machine
1 shown in FIG. 1). However, according to an impor-
tant feature of the invention, the starting material 11 in
the hopper is free of cross-linking agent such as a perox-
ide, and only consists in a cross-linkable material in the
form of powder or granulates, for instance polyethylen,
with eventually a cross-linking inhibiting agent. Ac-
cordingly, a very efficient filtering means 14 capable of
retaining small solid particles having sizes ranging be-
tween about 50 pm and 100 pm may be positioned
across the outlet end of the housing of the extrusion
machine 13 since, according to the method of the inven-
tion, there is no risk of cross-linking within the body of
the housing of the extrusion machine 13 or within the
dead zones adjacent the filtering means 14. Said filtering
means advantageously consists in a screen frame carry-
ing filtering elements. On the other hand, the tempera-
ture of the cross-linking material within the housing of
the extrusion machine 13 may be considerably raised,
whereby providing an excellent fluidity of the cross-
linking material and, accordingly, an efficient filtering
thereof. The material leaving the filter 14 passes
through an injection device 15 where is injected a cross-
linking agent such as an organic peroxide 16. Said injec-
tor 15 realizes, on one hand, the injection of the cross-
linking agent 16 within the cross-linking material and,
on the other hand, a good blending of said material and
of said agent, either by diffusion or through blending
means as it will be detailed hereinbelow. The mixture
from the injector 15 is ulteriorly fed in a conventional
manner to an extrusion dye 17 for depositing the insulat-
ing material onto, e.g. around an electrical cable 18.

It is thus achieved the first advantage of the inven-
tion, which consists in an efficient filtering of the cross-
linkable material just before it is applied onto the electri-
cal cable to be insulated. It will be further noted that,
since the cross-linking agent 16 is admixed to the cross-
linking material just before the entry in the extrusion
head 17, the temperature of the mixture may be kept at
a relatively high value, substantially equal to the cross-
linking temperature, due to the very short path of the
mixture between the injection station 15 and the extru-
sion head 17. It is thus obtained a noticeable reduction
in the length of the cross-linking oven which is pro-
vided at the downstream end of the manufacturing line.

FIG. 3 schematically illustrates said cable manufac-
turing line, which comprises:
an extrusion machine I for extruding a partially con-

ducting material such as a conducting polyethylen

onto the core of an electrical cable 21;
an extrusion machine II for extruding a crosslinkable

insulating material such as polyethylen (PE) which

does not contain any cross-linking agent such as per-
oxide;
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an injection device III for injecting and diffusing the
cross-linking agent into the cross-linkable material;
and

an extrusion machine IV for extruding an outer layer of

a conducting polyethylen on the insulating layer.

The core of the electrical cable 21 passes successively
through a pre-heating oven 22, through the extrusion
head (I) where it is coated with the layer of conducting
polyethylen (PE), through an oven 23 for maintaining
its temperature, and through the extrusion head of the
extrusion machine (II). According to the invention, the
insulating PE is introduced within the extrusion ma-
chine (II) with or without an anti-oxidizing agent but
without peroxide.

The insulating material is thus forwarded through the
angle head 24 and, before being applied onto the cable,
through the device (III) where successively occur in-
jection and diffusion of peroxide. The shapes and di-
mensions of the device (III) are determined so as the
peroxide may conveniently diffuse into the bulk of the
insulating material. As a specific example, the tempera-
ture within the housing of the extrusion machine (II)
may be chosen about 200° C., the temperature at the
level of the injection device (III) about 150° C. and the
temperature within the outlet cross-linking oven 29
between about 200° and 300° C. Reference numeral 30
designates a cooling means and reference numeral 28
the extrusion head of the extrusion machine (IV) for
extruding the conducting polyethylen, as above men-
tioned.

FIG. 4 is a view, at a larger scale, of an embodiment
of the injection device (III) for the cross-linking agent.
The outlet of the angle head 24 shown in FIG. 3 is
connected with said injection device (III).

Injection is generally caused within a throttling zone
by means of injectors 26 arranged on an annular ring
within the injection device. The injectors may be even-
tually provided with obturating valves for preventing
entry of the extruded material into the injectors. Also
eventually, an additional injection may be obtained with
an inner ring of injectors 27 arranged inside the ma-
chine. Then, the insulating material passes through a
diffuser of a convenient shape 25, is shaped and passed
through a head 28 of the extrusion machine (IV) which
deposits the outer layer of conducting PE onto the
insulated cable. In some cases, diffusion of the peroxide-
based mixture within the device 25 may be not sufficient
to insure a good homogeneity of the extruded material.
An additional homogeneization may be obtained by
providing within the diffuser 25 baffles (not shown), or,
more generally, deflecting means causing the streams of
the blended material to interpenetrate. In this case, a
cooling device may be provided for preventing exag-
gerated raising of the temperature of the material.

In another embodiment shown in FIGS. 5 and 6, the
device for causing the peroxide to diffuse into the cross-
linkable material is adapted to promote a more impor-
tant mechanical action. Therefore, use is made of an
additional extrusion machine (II') having a reduced
length. The peroxide-based mixture is injected at A
between the two extrusion machines (II) and (II') or in
the feeding zone for the feeding screw of the extrusion
machine (II'). The arrangement shown in FIG. 6 sup-
presses the dead zones within the flowing but requires
an extrusion machine (II') provided with an hollow
feeding screw through which the core 21 of the electri-
cal cable may pass.



4,285,648

5

In any case, the composmon of the injected mixture is
of importance for i 1nsur1ng a convenient functlomng of
the productlon plant. It'is'desirable, when thé produc-
tion line is started, that the extrusion is first carried-on

without peroxide, whereby allowing easy metering and .

setting of the line without the risks of untimely cross-
linking occurring. If the machine is provided with
valved injectors, said operation may be easily carried on
by stopping the feeding of the mixture to be injected.
Otherwise, it is necessary to first inject during the start-
ing sequence a neutral liquid which does not contain
any peroxide, for instance an oil compatible with the
polyethylen, such as a paraffinic oil. When the setting or
the metering is achieved, the peroxide is continuously
injected in a permanent duty. Said peroxide may be in a
pure state, blended with a carrying oil of a same nature
that the oil utilized during the starting procedure and-
/or blended with a retarder such as an anti-oxidant, for
retarding the cross-linking reaction. The metering of
said retarder permits to control the reaction velocity of
the peroxide. It will be appreciated that injection of
peroxide may be set at any moment, whereby providing
a smooth operation permitting to control the risks of
formation of “grains” in the diffuser. Temperatures of
the liquid and of the walls of the injection device are
controlled. Said temperatures are determined so as the
cross-linking reaction is not initiated before the mixture
enters the head 28 of the extrusion machine (IV).

At the outlet of the extrusion head 28, the insulated
cable passes through the cross-linking zone 29 which
may consist in one among the known devices thereto,
but which preferably carries-on the dry vulcanization
method, either in a gaseous atmosphere or in a long dye.
Whatever the process is, the length of the cross-linking
zone is considerably reduced with respect to the length
of the known cross-linking devices. Said length may be
divided by a factor two owing to the elevated tempera-
ture of the extruded insulating material at the outlet of
the extrusion head 28. With a cross-linking agent such
as dicumyl peroxide, said temperature reaches for in-
stance 150° to 160° C., when in the known processes
said temperature does not go beyond 130° C. Decompo-
sition of the peroxide, more particularly in the vicinity
of the cable core which has been previously advanta-
geously pre-heated, is accordingly more rapidly initi-
ated and the cross-linking of the insulating material is
obtained in a time lesser than in the known processes.

It will be now indicated various materials which can
be advantageously utilized in the method of the inven-

tion, but it will be appreciated that said materials are -

only enonciated as examples and that all the materials
which are presently known and which are useful for
insulating an electrical cable with a cross-linking insula-
tor may be utilized in the method of the invention.

The cross-linking material may advantageously be
polyethylen or its derivates.

The cross-linking agent which is injected after the
cross-linkable material has been filtered may be an or-
ganic peroxide such as a dicumyl peroxide or a blend of
organic peroxides capable of promoting cross- lmklng of
the polyethylen and capable of being incorporated in a
liquid state in the polyethylen, either because the perox-
ide or the mixture of peroxides is liquid at the ambiant
temperature, or because the peroxide or the mixture of
peroxides is heated at a temperature higher than its
smelting point, or because the peroxide or the mixture
of peroxides is in solution in a carrying liquid such as
paraffinic oil; it will be further recalled that, at the be-
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_ginning: of . the insulating process,-as above mentioned,
-the carrying liquid may be injected alone for achieving
. various settings. It is also-possible.to add to the mixture

for the production of the cross-linked -insulating mate-

-rial one of'maore pre-cross-linking inhibitors or retarders

either upstream, at the level of the cross-linkable mate-
rial, or at the level of the injection of the cross-linking
agent.

The present invention is not limited to the embodi-
ments shown, but is on the contrary susceptible of modi-
fications and variants which will appear to those skilled
in the art.

What I claim is:

1. An apparatus for continuously extruding a cross-
linked insulating material, said apparatus comprising

an extrusion machine including a housing having an

inlet and an outlet, extrusion means, an extrusion
head positioned at the outlet end of said housing
and a filtering means positioned adjacent said out-
let end of said housing;

an injection means connected to said housing for

injecting a cross-linking agent into a cross-linkable
material within said housing between said filtering
means and said extrusion head,

said apparatus further comprising cooling means pro-

vided between said filtering means and said injec-
tion means and controllably operable heating
means, whereby the temperatures of the different
operating zones of said apparatus may be respec-
tively adjusted such that the cross-linkable insulat-
ing material and cross-linking agent are extruded
together at an injectable, curable extrusion temper-
ature.

2. The apparatus of claim 1, wherein said filtering
means comprises a screen frame provided with a fine
mesh filtering element.

3. The apparatus of claim 1 further including mixing
means between said injection device and said extrusion
head for mixing said cross-linkable material and said
cross-linking agent.

4. The apparatus of claim 3 wherein said mixing
means comprises an auxiliary extrusion machine.

5. The apparatus of claim 1 wherein said injection
device comprises a contoured channel for the flow of
cross-linkable material disposed concentrically with
respect to a central path for an electrical cable onto
which the cross-linked material to be extruded is ap-
plied, the injection of said cross-linking agent being
made substantially radially at least along an annular
portion of said contoured channel.

6. An apparatus for continuously extruding a cross-
linked material, said apparatus comprising an extrusion
machine housing having an inlet and an outlet extrusion
means within said housing, an extrusion head connected
to the said outlet, said inlet for introducing a cross-linka-
ble thermoplastic material within said housing, filtering
means arranged inside said housing adjacent said outlet,
injection means connected to said housing for injecting
a cross-linking agent into a cross-linkable material
within said housing, between said filtering means and
said extrusion head and cooling means associated to said
housing between said filtering means and said injection
means.

7. The apparatus of claim 6 further including a first
controllable heating means associated with said housing
and upstream of said filtering means.

8. The apparatus of claim 7 further including a second
controllable heating means associated with said housing
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between said cooling means and said extrusion head  means between said injection device and said extrusion
whereby the temperatures of the different operating
zones of said apparatus may be respectively adjusted to O
different values. cross-linking agent.
9. The apparatus of claim 9 further including mixing 5 L

head for mixing said cross-linkable material and said
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